Abstract: By combining Faraday rotation spectroscopy with an optical frequency comb Fourier transform spectrometer, we measure background-and calibration-free spectra of the entire Q-and R-branches of the fundamental band of nitric oxide at 1850-1920 cm -1 .
Introduction
The Faraday rotation spectroscopy (FRS) technique relies on probing the opto-magnetic properties of paramagnetic species exposed to an external magnetic field. In FRS, the rotation of polarization of linearly polarized light propagating through a dielectric medium exposed to magnetic field is converted to intensity modulation [1] . The insusceptibility of diamagnetic species, such as H 2 O and CO 2 , to the Faraday effect infers that spectral interferences from such species are efficiently suppressed. Here, we combine the FRS technique with an optical frequency comb to measure spectra of the entire Q-and R-branches of the fundamental band of nitric oxide in the 5.2-5.4 μm range clearly exhibiting an efficient suppression of spectrally interfering molecular signatures. The system is based on a femtosecond optical parametric oscillator and a fast-scanning Fourier transform spectrometer (FTS) coupled with polarimetric FRS detection.
Experimental setup
The experimental setup of optical frequency comb Faraday rotation spectroscopy (OFC-FRS) is depicted in Fig. 1 . It is based on a doubly resonant optical parametric oscillator (DROPO) synchronously pumped with a mode-locked Tm:fiber laser, two polarizers, a gas cell placed inside a DC-solenoid, and a fast-scanning Fourier transform spectrometer (FTS). The output of the DROPO comprises light at two wavelength ranges, the signal and the idler, whose center wavelengths can be tuned by changing the DROPO cavity length [2] . A long-pass filter is used to isolate the idler light, which covers 5.1-5.4 m with a total optical power of 5 mW. The polarization of the light is cleaned by a Wollaston prism in front of a 17.5-cm-long gas cell, which is placed inside a 12.7-cm-long DCsolenoid. The solenoid provides an axial magnetic field of 260±7 G either parallel or antiparallel to the light propagation direction, depending on the direction of the supplied current. The cell is filled with 1% of NO in N 2 at 100 Torr. A wire-grid polarizer is placed after the cell and rotated by 45 degrees with respect to the Wollaston prism polarization axis to convert the polarization rotation induced by the interaction with the sample to an intensity variation. The transmitted light is measured using a fast-scanning FTS equipped with two HgCdTe detectors in balanced configuration. An interferogram with a spectral resolution of 250 MHz is measured in 3.5 s. Consecutive interferograms are recorded with opposite magnetic field by synchronizing the direction of the solenoid current with the movement of the FTS mirrors. The corresponding spectra, ± , are retrieved from a Fourier transform of the interferograms, where ± denotes the direction of the magnetic field. The normalized FRS signal is obtained by subtracting spectra recorded with opposite magnetic field, 
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, which removes the baseline from the signal and makes it calibration-free. 
Results
Figure 2(a) shows an average of 500 transmission spectra measured with opposite magnetic field, in red and in green, and their mean, , in blue, for the X 
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polarization of the light due to the magnetic field is manifested as either an increase or a decrease of the intensity depending on the direction of the field intensity (compared to the case with no magnetic field, which corresponds to the mean value, , blue). Figure 2(b) shows the resulting normalized FRS spectrum. Clearly, subtraction and normalization of the spectra recorded with opposite magnetic fields removes any correlated structure in the baseline. Figure 2(c) shows the FRS spectrum (500 averages) of 1% NO in N 2 at 100 Torr, covering 1850-1923 cm -1 . Figures  2(d) and (e) show zoomed views of the FRS spectrum for the Q-branch and two lines in the R-branch, depicted respectively in black. The fitted FRS model based on spectral line parameters from the HITRAN database, the Voigt profile and the transmitted intensity calculated according to FRS formalism as in [3] is shown in red. For the Qbranch the fitting parameters are the NO concentration, c NO , the magnetic field strength, B, and the unbalancing term between right-hand and left-hand circularly polarized components for the first polarizer, . The values returned from the fit to the Q-branch are c NO = 1.055(2)%, B = 228.8(5) G, and = 0.0507(3). The discrepancy from the measured peak field strength of 260 G is likely due to uncertainties in the measurement of the magnetic field and a nonuniform field distribution over the interaction length. For the fit to the R-branch, B and are fixed to the values obtained from the fit to the Q-branch and only the NO concentration is used as a fitting parameter. Here, the fit returned c NO = 0.944(4)%. The residuals shown in the bottom panels of Fig. 2(d) and (e) indicate that the model agrees well with the measured data, although some discrepancies can be observed. These errors are likely caused by experimental limitations (poor extinction ratio of the wire-grid analyzer and non-linearities in the FTS detectors), as well as uncertainties in the theoretical model (e.g. the use of the Voigt lineshape function and uncertainties in the values of the Landé g-factors). 
Conclusions and outlook
We present the first demonstration of optical frequency comb Faraday rotation spectroscopy (OFC-FRS) by measuring the entire Q-and R-branches of the fundamental vibrational band of NO at ~5.3 μm using a fast-scanning FTS. Switching the direction of the magnetic field for consecutive FTS scans and subtracting the resulting spectra enables efficient background suppression and allows background-free measurements and long averaging times. Moreover, the normalization by the mean of consecutive spectra provides a calibration-free signal. The measured spectra show an overall good agreement with the FRS model. This opens up for broadband interference-free detection of paramagnetic species in demanding applications such as in combustion processes.
